Abstract. In order to make students better understand the dynamic characteristics of the measurement system of the engineering measurement course, the simulation software of the first-order system and second-order system has been developed by using Delphi computer language. The amplitude change and phase shift of the output signal can be obtained under the condition that the system characteristic parameters are preset. It is helpful to strengthen the understanding of the time constant τof the first-order system and the resonance frequency ω n and damping ratio ζ of the second-order system. The simulation software shows the intuitionistic and visual merits on the demonstration of the dynamic response of the first-order system and second order system under the certain input signal.
Introduction
The dynamic characteristics of measurement system is one of the principle contents in the engineering measurement course. The first-order systems and second-order systems is often used to describe the dynamic system, and the others may be simplified as their combination under some consumptions. In the measurement, the first-order system is such as the thermometer of glass bulb sensor, spring-lumped measurement systems and resistors-capacitors filters. The first-order system has only parameter，also called time constant τ.The second-order system is such as a mechanical system composed by mass, spring and damper, circuit filter composed by resistor, capacitor and inductor. The second-order system has two parameters，also called resonance frequency ω n and damping ration of the system ζ.
Fundamental principle
The relation between input and output of a linear system can be described by differential equations as follows [1] . For first-order inertial system, the frequency response function is ( )
The magnitude ratio is
The phase shift is
ω-the frequency of the input signal.
For second-order systems, the frequency response function is
where ω n -the natural frequency of the system, ζ-the damping ratio of the system.
For the first-order system, the response function of the unit step function is [2] τ t e t y 
The virtual simulation software developed by using Delphi programming language
With the help of Delphi programming language, a first-order system virtual simulation software has been developed shown in Figure 1 . Sinusoidal signal, square wave, saw tooth wave, white noise, step wave and pulse wave are included in the selection of input signal. Changes of output amplitude at different frequency of the signal can be clearly observed under the same constant time τ. 1 st Example: under the condition of time constantτ=1s, output signal is shown in Figure 2 when the input signal is the unit sine wavewith the frequency 0.1Hz. Figure 2 . Output signal of first-order system(τ=1s) (input signal: unit sine wave, f=0.1Hz).
The virtual simulation software for second order system was presented in Figure 3 . =0.20, the input signal is the unit sine wave of 1Hz, the system output amplitude is bigger and bigger, which is often said the resonance phenomenon. This is illustrated in Figure 5 . 
Conclusions
The virtual simulation software developed vividly shows that the amplitude of output signal of first-order inertial system is always less than the amplitude of input signal. Under the action of step signal, the condition of under damping, over damping and critical damping can be observed conveniently. The software also demonstrates the oscillation of second-order systems under the action of periodic sinusoidal signals.
